The subarachnoid space (SAS) and ventricular width (VW) (Folia Morphol 2013; 72, 2: 142-146) 
INTRODUCTION
Subarachnoid space (SAS) can be assessed by various imaging modalities, including computed tomography (CT), magnetic resonance imaging and ultrasonography (US) [5, 6, 8, 9, [11] [12] [13] . US is the method of choice and most commonly used modality [9] . It is also non-ionising, inexpensive and reproducible. SAS and VW have variations in healthy children, resulting in difficulty in the assessment [9] .
In the present study, we aimed to identify a normal range by measuring SAS and VW and to prospectively investigate the feasibility of the new index (SAS/VW) with ultrasound in healthy infants and children.
MATERIALS AND METHODS
Overall, 100 healthy cases (48 boys and 52 girls) were included into the study. The cases were assigned into 3 age groups: 0-6 months (n = 65), 7-12 months (n = 24) and > 13 months (n = 11). All the cases were younger than 19 months of age. Only healthy children were included into the present study. Children with any disease (e.g. gastroenteritis, macrocephaly, prematurity) that may affect measurement of head circumference or subarachnoid distance and cases in which US evaluation revealed disorder, were excluded. This study was approved by institutional ethical committee and all parents gave the informed consent (Approval no: 10/4; Approval date: 23.02.2012).
The cases were classified into percentile groups (< 3 P -> 97 P) according to head circumference, weight and height (Table 1) .
All the sonographic evaluations were performed through anterior fontanel in a supine position by an experienced radiologist with 7-12 MHz linear and 4.5-5 MHz convex transducer (Aloka alfa 6, Japan). No sedation was employed in any of the cases. Sonographic measurements were performed at coronal plane at the level of foramen of Monro. SAS measurements were obtained by bilaterally measuring shortest distances between calvarium and cortex and by averaging these 2 measurements (Fig. 1) . VW was obtained by measuring left and right anterior ventricular horns at Monro's foramen level and by averaging these 2 measurements (Fig. 2) . Then, SS/ VW ratio was calculated.
Statistical analysis
Statistical analysis was performed by using SPSS version 17.0 statistical software. Numeric variables were presented as mean ± standard error, while categorical variables as number and percentage. After the 
RESULTS
Of all the cases, 65 children were at 0-6 months of age and 24 children were at 7-12 months of age; 11 children were at 13 months of age. Values of head circumference, body weight and height were usually between 3 and 97 P (Table 1) . Table 2 presents SAS measurement, VW and SAS/VW ratios in 3-97 P group according to head circumference, height and weight.
Overall, mean SAS measurement was found as 3.1 (0.5-6) mm, mean VW as 3.6 (1.3-5) mm and SAS/VW ratio as 0.9 ± 03. Mean SAS measurements were 3.2 ± 1.2 and 3.0 ± 1.2 mm in boys and girls, respectively, while mean VW values were 3.6 ± 0.9 mm and 3.5 ± 1.1 mm in boys and girls, respectively. SAS/VW ratio was 0.9 ± 0.3 in both boys and girls. No significant difference was found between boys and girls regarding SAS and VW measurements and SAS/VW ratio (p > 0.05).
There was no significant difference between age groups regarding SAS and VW measurements and SAS/VW ratio (p > 0.05) ( Table 3) .
When mean SAS and SAS/VW ratios were considered according to height percentiles, no significant difference was found between the groups (p > 0.05). A difference was observed in VW measurements between 3 P and 50-97 P groups, but it did not reach a statistical significance (p = 0.48) ( Table 4) .
When mean SAS and VW were considered according to head circumference percentiles, a significant difference was detected between 3-50 P and 50-97 P groups (p < 0.05 and p < 0.001, respectively). No significant difference was observed in SAS/VW ratio (Table 5) .
When mean SAS and VW were considered according to weight percentiles, there was a significant difference between 3-50 P and 50-97 P groups 
DISCUSSION
SAS measurements varies according to the method used in the studies [11] . In studies on healthy children, SAS was found as 1.9-5.7 mm [4, 5, 14] . Libicher and Tröger [9] , and Frankel et al. [4] found these measurements smaller than 4 mm and 3.5 mm, respectively. They suggested that 3 mm should be the upper limit over 95 P [9] . Sabouri et al. [14] reported that mean values for SAS was 1-4 mm and for VW was 4.5-8 mm. Width of lateral ventricle is accepted as normal if it is smaller than 10 mm at the level of Monro's foramen [7] . In our study, mean SAS and VW measurements were found as 3.1 (0.5-6) mm and 3.6 (1.3-5) mm, respectively. As suggested in studies, there is no standard value for SAS and ventricular measurements. Therefore, we calculated SAS/VW ratio, given the idea that a constant ratio should help us to determine a normal value. No significant difference was detected in SAS/VW ratio (0.9 ± 0.3) in 3-97 P group according to age, weight and head circumference. This suggests that SAS/VW ratio should be used in healthy children.
In a study using CT by Fukuyama et al. [5] , it was suggested that care should be taken since wide subarachnoid space may be physiological in children younger than 1 year of age. Pedersen et al. [13] conducted a study in healthy children younger than 3 years of age by using CT and detected that interhemispheric fissure and Sylvian fissure were wider than normal. Maytal et al. [10] cited an age-related external hydrocephaly in infants, which returns to normal without treatment up to 2-3 years of age with the opening of cranial sutures. In our study, SAS and VW values increased until 13 months of age and decreased in those older than 13 months of age.
In one study, it was suggested that the development of brain and gyral pattern were accompanied by SAS development, which surrounds these structures. This was explained by increased cerebrospinal fluid (CSF) production in response to growing brain [8] . The studies reported that there was a close relationship between head circumference and brain development and that SAS measurement might be more valuable in the assessment of brain development than head circumference [1, 3] . In pursuance of the literature, SAS measurements and VW values were found to be wider in cases between 50 P and 97 P according to head circumference herein.
In our study, SAS, VW and SAS/VW values were individually estimated in accordance with head circumference, height and weight percentiles and no difference was found in 3-97 P group.
Excessive CSF fluid is absorbed by arachnoid villi in particular age groups [2] . Thus, there may be varying values for SAS and ventricular measurements. We believe that it should be helpful to keep this fact in mind when assessing SAS measurements. For this reason, SAS/VW ratio may be of help, however, it should be supported by larger studies. 
